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H3oapereHHe othochtch k MeawuHHe, a 

HMeHHO K XHpypFHHeCKHM HHCTpyitfeHTaM. K 
MOHCeT GblTb HCnOJTb30BaUO OCT3HOBKH 

KpoBOTeneKHH H3 KpynH«x cocyaoB npH hx 
nepeceteHMH npH BbinoJiHeHHH onepauwA, 

Uejib HaoGpe-reHHfl — y/iymueHne $H«cauHH 
33)khm3 Ha cocyAax napeHXMMaTD3Hbix opra- 
hob h yMeHbUieHHe Tpa b m aTM n hocth npn Hajro- 

>KeHHH 38>KHMa. 

Ha c|>Hr. I «30<5pa»:eH KpoBOOCTaHaejiMBa- 
toiUHM 3a>KHM f oowhA BHfl; Ha <|>Hr. 2 — hh- 
CTpyMeHT jutn HaJioateHHH KpoBoocTanaBJiHaa- 
lomero 3a>KHMa, oCuxhh bha; Ha <J)ki\ 3 — 

KpOBOOCTaHaBJlHBaiOlUHfl 33>KHM B HHCTpyMeH- 

xe Jinn HajionteHHH (b pacKpbiTOM BHAe) ; Ha 
(^nr. 4 — KpOBOOCTaHaBJiHaaioiJUHA 3a>KHM 
Ha cocy^e. 

HHCTpyMenr juia aajiomeHHn KpoBOOda- 
HBBJiKBaiouiero 3a>KHMa coaepx<HT paOoqwe 
ryo*KH I c BbieMKoft 2, Bbicryn 3, KpoBOOcrra- 
HasJiHBaioiUHfl 3a>KHM 4 HMeer naa 5 h ruie^o 6. 

VcrpOHCTBO pafioTaer cjiCAyiomHM o6pa30M. 

KpOBOOCTBHaBJIHBaiOtUHft 3a>KHM 4 HOMe- 

maEOT Me>KAy paoo^HMH ry6r<aMH 1 b Bbicry- 
nu 3 Tax, htoCm rvieMO 6 33>k hm3 4 pa3iwecTH- 
jioci> waA BweMKofl 2. TeM caMbiM ocymecTB- 

J1HIOT (pHKCaiXHIO 3fl>KHMa 4 Ha HHCTpyMeHTe. 

nocjie roro, kbk KpoBOOcraHaBJiHBaioiuHfi 
aajKHM 4 ycTBHOBJiGH b HHCTpyMeHTe, Meacay 
ry6K3MH 1 bboa«t Kcmeu cocyAa. 



3aT6M pa6oqne ry6KH I KpOBOOCTa Haa/iH- 
aaioutero aaxcHbra CMbixaioTca. TlpH stom creH- 
kh cocyAa bxoaht b npOAOiibHbie na3bi 5 h bw- 
6yxax>T b hhx b ciuiy cBoefi Sl/ibcthm hocth, 
a imeto 6 hb oakoA H3 ryo*oK 4 bxoaht b BbieM- 
Ky. 2 h 3arw6aeTCH. IIpohcxoaht aaxcaTHe k 
4>HKcauHfi 332KHMB Ha cocyAe. 

0opMt/Aa u3o6pereHun 



-to 



15 



1. KpOBOOCTaHaBJIHBBIOlUK^ 333KKM B BHAe 

HaorHyTOfl U-o6pa3HO MerajuinqecKofl ruiacTH- 

Hbl C 4>HKCaTOpOM f OTAUHCUOU^ilUCJl TeM, MTO, 

c uenbto yjiymueHHH 4>HKcauHH 3axcHMa Ha 
cocyAax napeHXHMaT03Hbix opraHOB, b nviac- 
THHe BbinojiHeHbi npoAo^bHbie rxpope3H, a <£kk- 
ca-rop Kpaea ruiacra BbinoriHeH b BHAe OTorny- 
Toro njieqa. 

2. HHcrpyMeHT jinn Hajio>KeHHfl KpOBoocTa- 
HaBjjHBaiomero aa>KHMa, coAepwamnft uuap- 
HHpHO COeAHHeHHbie 6paHuiH c pado<iHMH 

20 ry6KaMH, oTAUHOfoinuacn TeM, mto, c iwibio 
yMeHbuieHHH Tpa bm3thmi hocth npn Ha/io>KeHHH 
KpoBOOcraHaa/iHaaioiuero samKMa Ha napeH- 
XHMaT03Hbie opraHbi, pao*oqne rytiKH Bbinoji- 

HeHbl B BHAe yA^iHHeHHblX (TJIBCTHH, HMCIOLUHX 

no HapyncHOH no BCpx hocth 3ay?KeHHyio <£opMy 
no TOJituHHe h ycTaHOBJieHHbix noA npflMMM 
yrjiOM k npoAOAbHoft och 6paHiu, na BHyTpen- 
hhx noaepxHOCTHx anacTHH BbtnojiHeHM Bbicry- 
nu b BHAe uinM/iex, a Ha oahoA H3 ryooK — 

BbieMKa. 
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Safety Evaluation of Laparoscopically Applied Clips 



THANASSIS PAPAIOANNOU, M.S., LEON DAYKHOVSKY, MJD, and 
WARREN S. GRUNDFEST, M.D. 



ABSTRACT 

We have evaluated in vitro, the security of laparoscopically applied clips, through two com- 
mercially available clip appliers: the Endo Clip II (US Surgical) and the Ligaclip (Ethicon). 
Hie clip performance was tested with respect to dislodgment and leakage. Dislodgment was 
attempted both transversely and at 45° with respect to the main axis of the tubular struc- 
tures tested. The mean maximum force {N « 24) necessary to dislodge a clip applied to sil- 
icone tubing (2.1, 2.4, 3.2 mm o.d.) and porcine vascular tissue was measured. The maxi- 
mum force needed to transversely dislodge a clip applied to silicone tubing, ranged from 
262 ± 9 g (2.1 mm) to 315 * 11 g (3.2 mm) for the Endo Clip U applicr, while the values 
for the Ligaclip were 220 * 28 g (2.1 mm) and 273 ± 11 g (3.2 mm), respectively. To achieve 
dislodgment at 45° pull, corresponding forces of 294 :t 8 g (2.1 mm) and 369 ± 14 g (3.2 
mm) for the Endo Clip n, and 254 ± 14 g (2.1 mm) and 297 ± 13 g (3 3. mm) for the Ligaclip 
(iV = 24) were required. Transverse dislodgment forces, for clips applied to tissue, were 
556 ± 146 g for the Endo Clip II and 356 ± 170 for the Ligaclip {N = 6). Leakage tests were 
also performed under pulsatile blood circulation at mean pressure of approximately 800 mm 
Hg. No tested clips applied to either silicone tubing or tissue allowed for any blood leakage. 
The dislodgment test showed that the Endo Clip II exhibits superior performance compared 
to the Ligaclip, based on the fact that it requires more force for transverse and semiaxial 
dislodgment. In the leakage test, both clip appliers performed equivalently. 

INTRODUCTION 

Laparoscopic surgery already represents a major advance in modern surgery and has opened new av- 
enues in minimally invasive surgery. The ever-expanding number of laparoscopic techniques and the 
volume of cases performed daily have triggered an impressive wave of new instrumentation geared to ac- 
commodate the various needs of the laparoscopic surgeon. However, due to this rapid evolution in the field, 
very few published data are available regarding the evaluation and design optimization of the laparoscopic 
instruments. A properly designed instrument not only facilitates the surgeon, but also minimizes possible 
risk to the patient 
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PAPAIOANNOU ET AL. 

Serious complications of laparoscopic procedures have been reported in a number of studies includina 
cystic artery blading and bUe leakage^ In a number of clinical studies clip dislodgment slipping and 
migration have beer, reported*"."*-!* Such clip misfunctions have led to postoperative complications Tsuch 
as biliary ascites, biliocutaneous fistula, and obstructive jaundice. It has been suggested that inappropriate 
application by the surgeon, or accidental dislodgment of the clips, during laparoscopy may be partially re- 
sponsible for these complications. 7 Insufficient grasp of the tubular structures by the clips may also con- 
tribute to complications due to bleeding or bile leakage. Therefore, it is important to evaluate the security 
of laparoscopically applied clips. r 
Little information is available regarding the performance of laparoscopic clip appliers. Previous experi- 
mentation suggests that among two popular clip appliers. the Ligaclip EMCA applier (Ethicon) and the 
Endo dip applier (US Surgical), the former is more secure than the latter. The results were based on trans- 
versal and axial dislodgment experiments. The clips were applied on either silicone tubing of 2.4 mm o d. 
or on porcine mesenteric vessels. Recently, Beltran et aL'» compared the security of the Ligaclip and Endo 
Oip H appliers with respect to axial and transverse dislodgment. The experiments were conducted on both 
silicone ; tubing (2.4 mm o.d.) and porcine cystic ducts. It was found that the Bndo Clip U clips required sig- 
mficandy greater dislodgment force than the Ligaclip clips. In another study.' the occlusive strength of the 
Endo Clip applier (US Surgical) versus suture ligation was evaluated for the ligation of the rehal artery in a 
porcine model. In situ pressure studies suggested that occlusion of the renal artery with three clips is as se- 
cure as occlusion wnh standard 2-0 and 0-silk ligatures. The hemostatic and tissue reactivity of titanium clips 
(US Surgical) was also tested in an animal model, where clips were applied dis tally and proximally to the 
midpoint of transected fallopian tubes. Satisfactory uniform hemostasia was achieved. Finally, the holding 
power of htamum clips has also been tested against the holding power of absorbable polymeric clips. 13 

To further evaluate die performance of laparoscopic clip appliers, we have performed both dislodgment 
and leakage tests on silicone tubing and porcine arterial tissue, with two widely used clip appliers: the Endo 
Clip II and Ligaclip apphers. Tests of dislodgment at 90° (transversal) and at 45° (semiaxial) with respect 
to the main tubular axis were performed. Three different o.d. sizes of silicone tubing were used for each 
direction of dislodgment We also performed leakage tests for both silicone tubing of three different sizes 
and tissue It was felt that in addition to the dislodgment test, this is an important test in order to evaluate 
the hemostatic capability of the applied clips. 

MATERIALS AND METHODS 

Disposable endoscopic rotating multiclip appliers were obtained from US Surgical Corp (Norwalk, CD 
and Ethicon Inc (Somerville, NJ) as quality assured products. The two particular models of clip appliers 
^nTiT End ° ^ 11 appUer - ^ US Surgical, and the Ligaclip ERCA clip applier 

from Ethicon The apphers contained 20 medium-large titanium clips of rectangular wire. In both models 

nZt^flf** 1 V t PP ^ X j n, ^ ly 9 m when closed - span, at the tip of the clip, was approxi- 

mately 4.6 mm for the Endo Clip and 4.0 mm for the Ligaclip. 

The experiments were performed in vitro. The clips were applied to both silicone tubing obtained from 
SS^f • B ° J * Mfisshl y excised Porcine carotid artery segments. To evaluate the holding 

power of the applied clips on structures qf different sizes, tubing of 2.1. 2.4. and 3.2 mm o.d. was used! 
The i wall thickness for all tubing sizes was 0.8 mm. The silicone tubing was chosen because of its texture 
similarity to the cystic artery. 

Dislodgment test on silicone tubing and tissue 

Itelodgment test on silicone tubing. Test segments of tubing were placed, horizontally, on top of two 
posts placed 5 cm apart The tubing was securely clamped on each holder, as shown in Figure I. No lon- 
gitudinal tension was applied during mounting of the test segments. The clips were applied transversely 
with respect to the tubing long axis, midway between the holding posts. During clip application the clip 
apphers were placed on a metal holder (not shown in Fig. 1) located directly above the tubing. The holder 
was inclined, with respect to the vertical direction, by approximately 14.8° for the Endo Clip II and 13.5" 
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FIG. 1- Setup for transverse (A) and serniaxial (B) clip dislodgment test for both silicone tubing and tissue. 



for the Ligaclip. This inclination accounts for the angle between the jaws of the applier and the direction 
of its shaft This arrangement allowed for consistent orientation and placement of the clips throughout the 
experimentation. 1S t 

Prior to clip application a loop of 000 silk suture was placed through the heel of the clip. The loop 
was later used to pull the clip to dislodge it from the tubing. Each clip was applied by squeezing the han- 
dle of the applier. firmly, until the motion was prevented by the applicator. The applier was ^en removed 
and the loop was attached to one side of a calibrated force gauge. The force gauge (Model BG10) was 
obtained from Mark- 10 (Hicksville, NY) and had maximum capacity of 10 lb. The opposite side of the 
force gauge was attached to a stainless-steel wire (250 Lun o.d.), which, in turn, was connected to a mo- 
tor (model S57-102-MO. Compumotor, Rohnert Park, CA). The motor was located directly above the 
tubing in such a way that the clip, loop, gauge, and wire formed a straight line perpendicular to the long 

axis of the tubing. - 

Clip dislodgment tests were performed by pulling the clip away from the tubing, either traiisversely or at 
45° with respect to its long axis. The latter test was conducted with the cHp applier holder and the noldrrtg 
posts rotated by 45°. The two different directions of pull are shown in the inset of Figure I. The speed of 
the motor was set via a Compumotor TM8 thumbwheel adaptor interfaced to a Compumotor SX6 drive mod- 
ule Each test was conducted at fulling speed of 16 mm/sec. the inaximum force required to dislodge a clip 
was recorded from the digital display of the controller connected to the force gauge. During dislodgment 
the analog output of the force gauge was also monitored on a strip chart recorder. The transverse and semi- 
axial dislodgment force was calculated as the mean of 24 data points obtained from each instrument, for each 
dislodgment orientation, and each tubing size. Following each trial, the tubing was released, shifted by ap- 
proximately 8 cm, and clamped again. This ensured that the next clip was applied to an unused portion of 
tne tubing. Eight Ligaclip (Lot No;DJ13PB) and eight Endo Clip U. appliere (Lot No:N4246) were used. 

Dislodgment test on tissue. Freshly excised, porcine carotid artery portions were used. Expenmentation 
ensued immediately following excision. The tissue was placed in a bath of isotonic 0.9% NaCl solution. 
Tissue segments during testing were kept moist through saline flushing. The size of the segments varied 
from approximately 3.0 to 5.0 mm o.d Testing was performed with the setup described previously and 
shown in Figure 1. The tissue was subjected only to transverse dislodgment test. The transverse dislodg- 
ment force was calculated as the mean of six measurements for each instrument. 
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FIG. 2. Setup for evaluation of the hemostatic ability of clips. The clips were applied to either silicone tubing or tis- 
sue. The peristaltic pump maintained a mean pressure of —800 mm Hg. 

Leakage test on silicone tubing and tissue 

.Leakage test on silicone tubing. This test was performed with the setup shown in Figure 2. Thirty five 
milliliters of freshly withdrawn, heparinized porcine blood was circulated by a peristaltic pump, in a closed 
loop, thus creating pulsatile flow and simulating a physiological environment The force gauge used in the 
dislodgment test was used here in the compression mode. The gauge was compressed by the piston of a 3- 
cm 3 glass syringe, which, in turn, was connected, through the manifold, to the circulating blood. The pres- 
sure was then calculated by dividing the readout of the force gauge by the cross section of the syringe pis- 
ton. The tubing was connected via a luer lock attachment to one of the ports of the manifold, as shown in 
Figure 2. After bleeding the system of air, the other free end of the tubing was clipped transversely. The 
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FIG. 3. Peak transverse dislodgment tension vs silicone tubing size (transverse pull. N « 24). The mean peak dis- 
lodgment tension for the Endo Clip II is significantly higher than the mean peak dislodgment tension for the Ligaclip 
for an tube sizes (p < 0.001). The increase in mean tension between 2.4 and 3.2 mm was statistically significant for 
both appliers tested (p < 0.001). 
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LAPAROSCOPICALLY APPLIED CLIPS . 

pump was adjusted so that a mean pressure of approximately 800 mm Hg was achieved. This pressure is 
well above any expected mean physiological pressure. Under this extreme pressure, each applied clip was 
tested for 15 min. During testing, the clamped portion of the tubing was visually inspected for gross leak- 
age. At the end of each test the clipped site was also inspected under 20 X magnification for microscopic 
leakage evaluation. Six clips from each manufacturer and for each tubing size (2.1, 2.4, 3.2 mm) were ap- 
plied. Prior to applying a new clip, the old clipped site was" cut and blood was allowed to leak from the 
tubing. In all trials no blood coagulation was found in the stagnant blood column of any tube. We there- 
fore conclude that full measured pressure was applied to each clip. Each new clip was applied to a new 
tubing segment 

Leakage test on tissue. This test was performed with the same setup described above. One end of the tis- 
sue segment was connected to the circuit by ligation on one of the ports of the manifold. Experimentation 
then proceeded in a similar fashion as described in the previous section for the silicone tubing. The type 
and handling of tissue were identical as in the dislodgment tests. 

Statistical analysis 

Throughout, data are given as mean (±SD). Statistical analysis was performed by Mann-Whitney rank- 
sum test Transverse and semiaxial clip security was assessed by comparison of pairs of dislodgment forces 
for the two instruments for the different tube sizes and dislodgment directions. Clip dislodgment security 
of tissue was accessed by comparison of the transverse dislodgment forces for the two instruments. 

RESULTS 

Dislodgment test on silicone tubing and tissue 

The results of the dislodgment tests are shown in Figures 3 to 5. The numerical results are shown in 
Tables I to 3. Figure 3. shows the results from transverse dislodgment on silicone tubing for all sizes used. 
Figure 4 presents the corresponding results for 45° pull. For all tubing sizes and dislodgment orientations. 
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FIG. 4. Peak semiaxial dislodgment tension vs silicone tubing size (45° pull, N = 24). The mean peak dislodgment 
tension for the Endo CKp II is significantly higher than the mean peak dislodgment tension for the Ligaclip for all tube 
sizes (p < 0.001). The increase in mean tension between 2.4 and 3.2 mm was statistically significant for both appliers 
tested {p < 0.001). 
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FIG. 5. Peak transverse dislodgment tension for porcine vascular tissue (transverse pull, JV = 6). The mean peak trans- 
verse dislodgment tension was significantly higher for the Endo Clip II than the Ligaclip (p < 0.03). 



the mean maximum force for the Endo Clip II was significantly higher than the mean maximum dislodg- 
ment force for the Ligaclip (p < 0.001). A force increase of 19, 1 l f and 15% was observed for the 2.1, 2.4, 
and 3.2 mm tubing sizes, respectively, for transverse dislodgment. While a corresponding force increase of 
16, 28, and 24% was observed for semiaxial dislodgment 

In Figure 5, the results of the clip dislodgment measurements on tissue are presented. The maximum ob- 
served force for the Endo Clip n applier was significantly higher than the corresponding force for the 
Ligaclip (p < 0.03). 

From Figures 3 and 4, it can also be seen that the mean maximum force for dislodgment generally in- 
creases with the tubing size for both type of instruments tested. The observed increase of the mean maxi- 
mum force ranged from 17 to 25% as the tubing size was increased from 2.1 to 3.2 mm o.d. The increase 
in mean force between 2.4 and 3.2 mm was statistically significant (p < 0.001) for both appliers tested. 
Additionally, as shown in Figures 3 and 4, there is a systematic increase of the required force from the 
transverse to the semiaxial dislodgment, for the same tubing size and for both instruments. This increase 
ranged from 6 to 22%. 

Leakage test on silicone tubing and tissue 

.. No I 6 ^ 6 * 5 was 0DS ^ ed either macroscopically or microscopically. Neither the Endo Clip U nor the 
Ligaclip clips leaked at pressures far exceeding physiological values. 



Tablb I. Clip Security on Silicons Tubino (Transverse Pull) 



Peak tension (g) (N - 24) 



Endo Clip ll/Ugacltp ERCA 



Tubing size 



2.1 mm 2.4 mm 

262/220 266/239 

9^28 g/14 

252/128 252/210 

282/248 284/258 



3.2 mm 
315/273 

11/11 
292/250 
332/290 



Mean 
SE> 
Mia 
Max 
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Table 2. Cup Security on Silicons Tubinq (45° Pull) 







P<mA: tension (g) (N —24) 








Endo Clip lUUgaclip ERCA 




Tubing size 

Mean 

SD 

Min 

Max 


2.1 mm 
294/254 

8/14 
280/218 
304/276 


2.4 mm 
324/254 

34/10 
282/234 
444/274 


3.2 mm 
369/297 

14/13 
348/280 
398/326 



DISCUSSION 

The aim of this study was to evaluate the occlusive strength and security against dislodgment for la- 
paroscopically applied clips, by comparing two commercially available clip appliers. Our data document a 
safety profile with respect to occlusion strength for both the Endo Clip H and the Ligaclip appliers. These 
results are in agreement with another pertinent study of Kerbl et al. 1 In this study, the occlusion of porcine 
renal arteries with three titanium 9 mm clips, applied with- the Endo Clip, showed no signs of leakage at 
supraphysiological pressures as high as 3100 mm Hg. Anatomical variations as well as acute or inflam- 
matory changes of die normal anatomy may affect the safety margins of clip application. Our data suggest 
that within the range of tubing and tissue sizes used, the occlusive strength of the clips is not affected. 

Our results indicate greater transverse and semiaxial dislodgment security for the Endo Clip n applier . 
than the Ligaclip. At 2.4-mm tube size, and transverse dislodgment, we report a mean average transverse 
force of 239 ± 14 g for the Ligaclip and 266 ± 8 g f or the Endo Clip II (N = 24). Under similar experi- 
mental conditions, Beltran et al 19 report a force of 218 ± 17 g for the Ligaclip and 252 ± 19 g for the 
Endo Clip II (N = 36), in good agreement with our results. In a similar study, comparing the Ligaclip and 
the Endo Clip appliers, Nelson et al. 10 reported a mean transverse force of 273 ± 4 g for the Ligaclip and 
1 85 ± 7 g for the Endo Clip (N = 6). Our results indicate a significantly improved performance, of the Endo 
Clip II versus the earlier Endo Clip design. Similarly, in our study, the force required to remove a clip was 
always significantly higher for the Endo Ctip II than the Ligaclip. for all other sizes and both dislodgment 
directions (p < 0.001). Direct comparison of our data for tube sizes of 2.1, 3.2, and semiaxial dislodgment 
with other studies is not possible since such data have not been published. The observed increase of the re- 
quired dislodgment force from the Ligaclip to the Endo Clip II applier ranged from 1 1 to 28% for the tub- 
ing, and it was approximately 55% for the tissue tested. 

The dislodgment tests have revealed several characteristics pertinent to the direction of attempted dis- 
lodgment and to the particular type of clip appliers tested. The semiaxial force required to dislodge the clips 
from the silicone tubing was found to be always higher (p< 0.001) than the force required for transverse 
dislodgment. This was true for both clip appliers and all tube sizes used. The increase in force value ranged 
from approximately 10 to 20%. Similar results were obtained by Nelson et al. 10 and Klein et al. 1 - 3 where 
for purely axial pull the recorded axial force was approximately twice as much than the transverse force. 
The reason for this increase can be seen in the fact that during semiaxial pull only part of the applied force 



Table 3. Cup Security on Tissue (Transvhrsb Pull) 





Peak tension (g) (N = 6) 


Endo Clip U 


Ligaclip ERCA 


Mean 


556 


356 


SD 


146 


170 


Min 


356 


104 


Max 


760 


514 



105 
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is used directly for dislodgment. The axial component of this force is used for shifting of the clip along the 
main axis of the structure and simultaneous distortion of the tube around the point of application due to 
torque. The practical implication of this result is that transverse traction requires the least amount of force 
for dislodgment. Thus, surgical maneuvers characterized by instrumental movements directed axially to the 
clipped structures, may be less dangerous with respect to clip dislodgment, than maneuvers leading to move- 
ments transverse to the clipped structures. 

In conclusion, we have conducted dislodgment and occlusion tests to evaluate the security of clip appli- 
cation for two commercially available laparoscopic clip appliers: the Ugaclip applier and the Endo Clip II 
applier. The tests were performed on silicone tubing of various sizes and freshly excised porcine aortic tis- 
sue. Both appliers exhibited significant occlusion strength even at supraphysiological pressures. However, 
the Bndo Clip II applier was found to perform superiorly to the LigacHp with respect to both transverse and 
semiaxial dislodgment 
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